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ABSTRACT 
The objective of these studies was to determine the association between dietary intakes of 
selected food groups, macronutrients, and micronutrients in mother-child dyads.  This was a 
secondary analysis of data on low-income Black, Hispanic, and White children 3-5 years-old (y) 
participating in Head Start (HS) (n=650), and their mothers.  Mothers served as a proxy for their 
child, and self-reported intake during a multiple-pass 24-hour recall interview for one weekend 
day.  One weekend day was chosen since children attended HS during the week, and mothers 
may not know what their children consumed outside the home.  Data were collected on 
children’s and mothers’ intakes of servings of snacks, sweets, fruit, and vegetables, and amounts 
of energy, dietary fiber, vitamin D, calcium, potassium, added sugars, saturated fatty acids 
(SFA), trans fat, and sodium.  Analysis of variance was conducted to determine differences in 
intakes by race.  Pearson partial correlation coefficients were determined to assess the 
associations of intakes between children and mothers. 
Both children and mothers met the recommendation for vegetables; however, they did not 
meet the recommendations for fruit, dietary fiber, vitamin D, calcium, or potassium.  Further, 
they exceeded the recommendations for SFA and sodium.  Intake of all food groups and nutrients 
in mothers was associated with intake of the corresponding food groups and nutrients in children 
(p<0.0001 for all).  Nutrition professionals need to encourage mothers to consume healthy 
snacks, such as fruit and vegetables, and consume foods that are high in nutrients of public health 
concern, which include dietary fiber, vitamin D, calcium, and potassium.  Nutrition professionals 
should also encourage mothers to consume low amounts of foods that are high in nutrients of 
overconsumption, which include added sugars, SFA, trans fat, and sodium.  Modeling of these 
habits by mothers may encourage healthy eating habits in children.
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CHAPTER 1 
INTRODUCTION 
Dietary habits begin early in life (1), and are influenced by the diets of parents (1,2-4), 
especially mothers (5).  Strong relationships have been shown between the diets of preschool 
children 2-5 years of age (y) and mothers (6,7).  However, preschool children did not meet the 
recommendations for some food groups (8) and nutrients (9), and exceeded recommendations for 
others (10).  This may be related to poor intake in mothers.  Additionally, preschool children of 
low socioeconomic status (SES) were less likely to meet recommended food group or nutrient 
intakes than their higher-income counterparts (8,11).  This suggests that low-income mothers 
may be more likely to model poor eating behaviors to their children than higher-income mothers.    
Parents, especially mothers, influence the diets of their young children (5).  Parental food 
preferences affect parents’ choices in food selection and in those foods made available to their 
children (1).  Parents also serve as role models for their children’s dietary behaviors (1,3).  For 
example, preschool children imitated the diets of their parents (4,12) by choosing foods that they 
had seen their parents purchase (12).  However, it is unclear if there are correlations in mother-
child dyads between those foods thought to represent typical intake of preschool children.  Those 
foods include snacks, sweets, fruit, and vegetables.  Correlations in energy and nutrient intakes, 
including macronutrients, nutrients of public health concern, and nutrients of overconsumption, 
are also unclear. 
Few studies have examined snacking in preschool children.  One study that did look at 
this found that children consumed approximately 27% of their energy as snacks (13), although 
the energy needs of preschool children are low relative to their nutrient needs (14,15).  However, 
snacking may also add nutrients to the diet that could not otherwise be consumed in sufficient 
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amounts during meals.  Therefore, low energy, nutrient-dense snacks, such as fruit and 
vegetables (FV), may aid children in meeting their nutrient recommendations without 
contributing large amounts of energy.   
Fruit and vegetable intake in preschool children was generally low (16).  Mean intake in 
children 2-3 y met the recommendation for fruit but not for vegetables while mean intake in 
children 4-8 y did not meet the recommendation for fruit but did for vegetables (16).  
Additionally, mean intakes that did meet the recommendations for fruit or vegetables were at the 
lowest end of the recommended range (16).  Intake of FV below recommended levels may result 
in under-consumption of certain nutrients as well.  
 The composition of snacks among adults is unclear as studies have shown mixed results 
(17,18).  In one study, snacking in adults consisted primarily of salty snacks, chips, and nuts 
(17), all of which are energy-dense.  However, another study showed that the number of self-
reported snacking occasions was positively associated with energy and carbohydrate intake, but 
negatively associated with protein and fat intake (18).  This suggests that snack intake consisted 
primarily of low-fat, carbohydrate-rich snacks.  That study also found that snack intake was 
associated with nutrient intake, suggesting that snacks contribute nutrients to the diet (18).   
Snacks may provide an opportunity for adults to increase their consumption of FV since 
they did not consume the recommended number of servings of FV (16).  Consumption of FV at 
the recommended levels was inversely associated with risk of developing cardiovascular disease 
(CVD) (19) and type 2 diabetes (20).  Additionally, because FV are nutrient-dense, under-
consumption may also result in low intake of nutrients.    
Nutrients of public health concern in the diets of children include dietary fiber, vitamin 
D, calcium, and potassium (21).  Dietary fiber, vitamin D, and potassium were consumed by 
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preschool children in insufficient amounts to meet recommendations (9,10,15,22).  In children, 
intake of dietary fiber and vitamin D below recommendations was associated with constipation 
(23) and rickets disease (24), respectively.  A relationship between intake of potassium below the 
recommendation and children’s health is unclear.  Previous data showed that calcium was not a 
shortfall nutrient in preschool children, but was a shortfall nutrient in children 9 y and older (25).  
More recent data, however, showed that calcium intake in children 4-8 y was also below 
recommended levels (26).   
In adult females, intake of dietary fiber, vitamin D, calcium, and potassium was below 
recommendations (15,22).  Intake of calcium below recommended levels was associated with 
osteoporosis (27), and intake of potassium below recommended levels was positively associated 
with BP (15).  Conversely, intake of dietary fiber, vitamin D, calcium, and potassium at 
recommended levels was associated with better gastrointestinal function (28), immune health 
(29), and bone health (15), and reduced risk of CVD (30), respectively.  
Nutrients of overconsumption in the diets of preschool children include saturated fatty 
acids (SFA), trans fat, and sodium (21).  A direct relationship between intake of SFA or trans fat 
and CVD risk during childhood is unclear.  However, because nutrient intake tends to track 
beginning around preschool age (31), consumption of these nutrients in excess during childhood 
may also continue in adulthood.  Sodium consumption in preschool children was positively 
associated with blood pressure (BP) (32).  Since BP was also shown to track into adulthood (33), 
excessive consumption of sodium during childhood may be associated with excessive 
consumption of sodium (31) and high BP in adulthood (33).    
In adults, nutrients of overconsumption, as defined by the 2010 Dietary Guidelines for 
Americans, include added sugars, SFA, trans fat, and sodium (21).  Intake of those nutrients in 
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amounts that exceed recommendations may be associated with risk of type 2 diabetes (34) and 
CVD (35-37).  Recommendations for added sugars and trans fat intake, however, are 
ambiguously defined.  Currently, there are two recommendations for added sugars intake 
(15,38), and there is no exact recommendation for intake of trans fat (21).  Therefore, it is 
unclear what defines excessive intake of added sugars or trans fat.  
Income and diet are closely related (11).  In comparison to families of high SES, families 
of low SES had poorer diet quality (11), consumed fewer servings of FV (39-41), and consumed 
more processed foods (42).  Low-income families also consumed fewer than the recommended 
number of servings of whole grains (43) and dairy (44,45), and tended to choose high-fat meats 
over lean meats (46).  Those dietary habits may be a result of the higher cost of nutrient-dense 
foods over energy-dense foods (42,46), reduced availability of nutrient-dense foods in low-
income neighborhood stores compared with their higher-income counterparts (47-49), or lack of 
sufficient knowledge of nutrition (50). 
Justification 
Child diet may be influenced by maternal diet.  Few studies have assessed the correlation 
between diets in mother-child dyads.  Even fewer studies have assessed this in a low-income, 
multi-ethnic population.  This study examined the correlation in snack, sweets, fruit, vegetable, 
energy, macronutrient, and selected micronutrient intake of low-income Black, Hispanic, and 
White mother-child dyads.  
Objectives: 
1. Determine the association between intakes of snacks, sweets, fruit, and vegetables of 
mothers and children 3 to 5 y participating in Head Start (HS). 
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2. Determine if energy, and macro- and micronutrient consumption between children and 
mothers is correlated. 
Limitations 
1. Data were obtained from a cross-sectional study; thus inferences cannot be drawn. 
2. Twenty-four hour recalls may not be accurate since they rely on memory. 
3. Parents may have over- or under-reported intake for themselves and their children. 
4. These studies cannot be applied to populations other than low-income Black, Hispanic, 
and White mother-child dyads in the southern United States, participating in HS. 
Assumptions 
1. The sample size was sufficient to accurately determine intake in mother-child dyads. 
2. One weekend day was sufficient to accurately report daily intake in mother-child dyads. 
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CHAPTER 2 
REVIEW OF LITERATURE  
The Association of Diet in Mother-Child Dyads 
Children’s eating patterns are initiated early in life, generally between 2 and 5 y, 
suggesting that the preschool period is a pivotal developmental time point during which healthful 
eating patterns may be fostered.  However, the diets of preschool children have been 
understudied and dietary influences have not been well established.  Parental influences are 
thought to play a major role in the diets of preschool children, but these have not been well 
studied, especially for foods associated positively or negatively with obesity or for nutrients of 
public health concern or nutrients of overconsumption.   
Parents, especially mothers (5), have been shown to have a strong influence on their 
children’s food intake (4).  Parental modeling of food intake may contribute to this influence 
(1,3,5); however, studies have found mixed results when comparing the food intakes of children 
and mothers (7,51,52).  A study of 560 children 5-6 y and parents (92% mothers; 8% fathers) 
found that parental modeling of diet did not predict the diet of the child.  That study had 
significant differences with the two studies we conducted using HS mother-child dyads.  
Campbell’s study used older children and did not compare mother-child dyads.  Another study 
found a positive association between parental modeling and children’s diets; however, results 
from that study were clouded since parents also intentionally exposed their children to new foods 
(52).   
Parental modeling of healthy eating behaviors may have a greater influence on children’s 
dietary intake than modeling of unhealthy eating behaviors (12,53); however, some studies did 
find positive correlations between children and mothers for intake of snacks, sweets, and energy-
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dense foods (6,52,54).  Other studies found stronger correlations between children’s and 
mothers’ FV (6,54) and snack intake (6) than sweets and candy intake (7,54).   High FV 
consumption in mothers was more strongly correlated with child FV intake than was low FV 
consumption in mothers (53).  Children whose parents purchased healthy foods were more likely 
to choose the foods they had seen their parents purchase than children whose parents purchased 
less healthy foods (12). 
Some racial trends in diet correlations of mother-child dyads have been shown (54).  Diet 
quality and soft drink intake of Hispanic mother-child dyads was more strongly correlated than 
diet quality and soft drink intake of Black or White mother-child dyads (54).  A study of low-
income, Black mother-child dyads found a strong correlation between the diets of children and 
mothers, but no correlation in dietary variety; however, that study was conducted in toddlers and 
adolescent mothers (6).   
Studies that looked at differences in correlations by child age have found mixed results 
(6,7,54).  One study found that the diets of older children and mothers were more strongly 
correlated than that of young children and mothers; however, young children categorized as 
being in the highest quintile of diet quality had stronger dietary correlations with mothers than 
older children and mothers (54).  Another study found that the diets of preschool children 3-5 y 
and their mothers were more strongly correlated than that of older children (6) or adolescents (7) 
and mothers.   
Diets of Preschool Children  
Snacks 
Preschool children commonly consume snacks.  When snacking occasions were defined 
by parents, preschool children were shown to consume between 28% and 29% of their energy as 
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snacks (55).  Some studies have shown a potential relationship between snacking and weight, 
depending on the type of snack food consumed (56-58).  Data from the 2008 Feeding Infants and 
Toddlers Study showed that 86% of children 2-3 y consumed energy-dense, nutrient-poor foods 
such as sweetened beverages, desserts, sweets, and salty foods during snacking occasions (59).  
Between 82% and 89% of children 2-3 y consumed those foods on more than one occasion each 
day, although number of servings was not specified (59).  Studies conducted in children 2-10 y 
showed that intake of large portions of energy-dense, nutrient-poor foods and low intake of FV 
during snacking occasions (56-58), combined with sedentary behavior (56) may contribute to 
high body mass index (BMI).  One problem with these studies, and the studies done in adults is 
that “snack” does not have a standard definition; therefore, study participants or parents either 
self-define snacks, or the term is defined by the investigators.  This makes it difficult to compare 
studies. 
Fruit and Vegetables 
Mean fruit consumption among children 1-3 y met the 2010 Dietary Guidelines for 
Americans (DGA) recommendation of 1-1.5 cups per day for children up to 3 y; however, 
vegetable consumption did not meet the 2010 DGA recommendation of 1-2 cups per day for 
children up to 3 y (16,21).  Mean fruit intake in children 4-8 y did not meet their DGA 
recommendation of 1-2 cups per day, but did meet their DGA recommendation of 1.5-2.5 cups 
per day for vegetables (16,21).  Among children 2-5 y, 50% and 78% were likely to consume 
less than the recommended number of servings of fruit and vegetables, respectively (8), and 
consumption of FV has been decreasing over the last 20 years (60,61).  Because diet patterns 
tend to track into adulthood (62), children who do not consume the recommended number of 
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servings of FV may continue that pattern as adults.  Because FV are nutrient-dense, under-
consumption of FV may result in deficiencies or inadequacies of some essential nutrients.   
Diets of Adult Females 
Snacks 
In the past 30 years, the prevalence of adults that snack has increased from 71% to 97% 
(17).  The principal snack foods of adults were salty snacks, chips, and nuts (17).  All of those 
are energy-dense, and salty snacks and chips are nutrient-poor (15).  A previous study showed 
that consumption of energy-dense, nutrient-poor foods in adults was negatively associated with 
adequacy of food group intake, suggesting that those foods may have replaced nutrient-dense 
foods in the diet (63).  However, consumption of nuts, which are nutrient-dense, had a protective 
effect against CVD and was inversely associated with risk of colon cancer in women and risk of 
gallstones in adults (64).  Further, consumption of nuts had no association with weight (64).  
This evidence suggests that a relationship between snack intake and health in adults may be 
dependent on the type of snack food consumed.  
Fruit and Vegetables 
Adults consumed fewer than the recommended number of servings of FV (16).  
Consumption of the recommended number of servings of FV in adults was inversely associated 
with risk of developing CVD (19) and type 2 diabetes (20).  Additionally, under-consumption of 
FV may coincide with under-consumption of some nutrients in adults, since FV are nutrient-
dense. 
Key Nutrients Identified by the 2010 DGA 
The 2010 DGA identified dietary fiber, vitamin D, calcium, and potassium as nutrients of 
public health concern since those nutrients are thought to be inadequate in the diets of most 
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Americans.  Nutrients of overconsumption were identified as added sugars, SFA, trans fat, and 
sodium.  Dietary patterns that include underconsumption of the nutrients of public health 
concern, and overconsumption of the nutrients of overconsumption were associated with 
increased incidence of obesity and nutrition-related chronic disease (65). 
Nutrients of Public Health Concern 
Preschool Children 
The adequate intake (AI) for dietary fiber in children 1-3 years is 19 grams (g)/day, and 
in children 4-8 y is 25 g/day (15).  Mean intake of dietary fiber in children 2-5 y was between 
10.5 and 11.3 g/day (22), which was less than the lowest recommendation.  Fiber intake below 
the recommendation in children was associated with constipation (23).  High intake of dietary 
fiber was shown to reduce low-density lipoprotein cholesterol (LDL-C) levels in children more 
than reducing intake of SFA (66,67).  Additionally, intake of dietary fiber in children was 
negatively associated with weight (68).    
Mean intake of vitamin D among children 2-5 y was 6.1-6.5 micrograms (µg)/day (22); 
however, the estimated average requirement (EAR) for vitamin D in children is 10 µg (15).  
Intake of vitamin D below the recommended level may result in vitamin D insufficiency (69).  
Severe deficiency in children is a known cause of rickets (24); however, a relationship between 
vitamin D insufficiency and health in children is unclear.  
Calcium intake in children 2-5 y met the recommended dietary allowance (RDA) 
(10,22,25) of 700-1000 milligrams (mg)/day (15).  Mean calcium intake was between 957 and 
1009 mg/day (22).  Data have shown that calcium became a shortfall nutrient at 9 y (25), but 
more recent data have shown that children as young as 4-8 y consumed less than the 
recommended intake level (26).  Further, calcium intake may decrease as children progress into 
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adulthood; however, tracking of calcium intake is unclear as results have been inconsistent (70-
72).   
 Intake of potassium in preschool children was below the AI of 3000-3800 mg/day 
(9,10,15,22).  Mean potassium intake in children 2-5 y was between 1896 and 2050 mg/day (22).  
The relationship between inadequate potassium intake and health in children is unclear; however, 
a high sodium to potassium excretion ratio, which is indicative of sodium and potassium intake, 
was positively associated with CVD in adults (73).  Therefore, intake of potassium below the 
recommended level, in combination with high intake of sodium, may put children at risk for 
developing CVD as they age into adults (32,74).   
Adult Females 
In adult females, mean dietary fiber intake was 14.3 g/day (22), which was less than the 
AI of 25 g/day for dietary fiber in all adults (15).  In adults, adequate dietary fiber intake was 
associated with lower rates of diabetes than inadequate dietary fiber intake (75).  High fiber 
intake was also associated with moderate weight loss (75), improved gastrointestinal function 
(28), and reduced risk of CVD (76).    
Mean intake of vitamin D in adult females was 3.8 µg (22); however, the EAR for 
vitamin D in adults is 10 µg (15).  Severe vitamin D deficiency in adults is a known cause of 
osteomalacia (24).  Additionally, vitamin D was shown to play a role in maintaining immune 
health (29) and aid in the prevention of autoimmune diseases (77-79), cancer (80,81), and type 2 
diabetes (82) in adults.  
Adult females did not meet the RDA for calcium (15,22).  Mean intake was 833 mg/day 
(22); however, the RDA is 1000 mg/day (15).  In adult females, consumption of calcium below 
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the RDA is associated with risk of osteoporosis (27,83).  In individuals with hypertension, 
consumption of calcium at or above the RDA resulted in reduced BP (84).    
Mean potassium intake in adult females was 2290 mg/day (22).  However, the AI is 4700 
mg/day (15).  In adults, intake of potassium below recommended levels was associated with high 
BP (15), while intake at or above the recommended level was associated with reduced risk of 
CVD compared with intake below the recommended level (30).   
Nutrients of Overconsumption 
Preschool Children 
The 2010 DGA listed added sugars as a nutrient of overconsumption among children 
(21); however, added sugars intake by preschool children was shown to be within the Institute of 
Medicine (IOM) recommendation of no more than 25% of kilocalories (kcals) (15,85).  
However, some studies showed that intake of added sugars among children increased between 2 
and 7 y (86) and continued to increase with age (38).  Added sugars may replace more beneficial 
nutrients in the diet when comprising 25% or more of energy intake (15).   
Mean SFA intake among children 2-5 y was between 20 and 20.8 g/day, which was 
approximately 12% of total kcals (22).  The recommendation for SFA set by the IOM is 
consumption of the least amount of SFA practicable since exogenous SFA provides no 
nutritional benefit (15).  The 2010 DGA recommended keeping SFA intake below 10% of total 
kcals since total elimination of dietary SFA is not feasible (21).  Thus, children 2-5 y exceeded 
this recommendation (22).  The relationship between SFA intake and health during childhood is 
unclear; however, due to tracking of eating behaviors (62), intake above the recommended level 
during childhood may continue into adulthood.   
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Mean trans fat intake among preschool children is unclear.  The 2010 DGA and the IOM 
recommend that trans fat consumption be as low as possible (15,21), further compounding the 
problem of determining actual overconsumption in children.  However, data from the 2001-2004 
National Health and Nutrition Examination Survey (NHANES) showed that mean intake of solid 
fat, a major source of trans fat (21), among children 1-8 y was between 37.9 and 44.5 g/day (87), 
providing approximately 340-400 kcals/day.  This exceeded the 2010 DGA recommendation for 
children 2-5 y of no more than 121-137 kcals/day provided by both solid fats and added sugars 
(21).      
Sodium intake among preschool children (9,10,22) was higher than the tolerable upper 
level limit (UL) of 1,500-1,900 mg/day for children (15).  Mean intake was between 2,189 and 
2,265 mg/day (22).  Sodium intake in children was positively associated with BP (32,74).  Since 
nutrient intake (31) and BP (88) were shown to track into adulthood, consumption of sodium 
above the UL during childhood may increase risk for developing CVD during adulthood (74,89-
91).   
Adult Females 
Among adult females, mean intake of added sugars was between 203 and 229 kcals/day 
(92).  This did not exceed the IOM recommendation of less than 25% of energy as added sugars 
(15).  In adults, intake of added sugars above this level was associated with low healthy eating 
scores (93) and diets that were deficient in essential micronutrients (94).  Mean intake did exceed 
the American Heart Association (AHA) recommendation of no more than 100 kcals of added 
sugars/day in adult females (38); however, that recommendation was based on consumption of 
half of one’s discretionary kcal allowance, based on the 2005 DGA, as added sugars (38).  
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Further, no evidence was found to substantiate benefits of consumption of added sugars below 
that level. 
Among adult females, mean SFA intake was 22.3 g/day, which was approximately 11% 
of total kcals (22); however, the 2010 DGA recommend that SFA comprise no more than 10% of 
total kcals (21).  Saturated fatty acid intake was shown to have a positive association with LDL-
C levels (95-97).  Low-density lipoprotein cholesterol levels are positively associated with risk 
of CVD (98-100).  A positive association between SFA intake and CVD was also shown in some 
studies (35,101); however, another study found this link to be weak (102).  Intake of SFA in 
adults was also positively associated with insulin resistance (34).   
In adult females, median trans fat intake between 1994 and 2006 comprised 1.2% of total 
energy intake (103).  Multiple studies have shown that trans fat intake had a positive association 
with LDL-C levels (104).  Levels of serum LDL-C above 100 mg/deciliter (dl) are atherogenic 
and a major risk factor for CVD (105,106).  Studies have also shown a negative association 
between trans fat intake and high density lipoprotein cholesterol (HDL-C) levels (104).  Levels 
of serum HDL-C below 40 mg/dl are a risk factor for CVD while levels above 60 mg/dl are a 
negative risk factor for CVD (105,106).  Trans fat intake was also shown to have a positive 
association with CVD (36, 107).   
Mean intake of sodium among adult females was 2,884 mg/day (22), which was more 
than the UL of 2,300 mg/day for adults (15).  Mean intake of sodium among Black adults was 
3,270 mg/day, (22) which was far greater than the UL of 1,500 mg/day for their race/ethnicity 
(15).  Black adults were shown to be more salt sensitive than adults of other races/ethnicities 
(108-110), and therefore, have a lower UL for sodium (15).  Among adults, sodium consumption 
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above the UL is positively associated with hypertension (111), risk of CVD (37,112), and stroke 
(112,113).  
Low Socioeconomic Status and Diet 
 Low SES has been shown to be associated with poor diets (11).  Data from the 2007-
2008 NHANES showed that children 2-5 y whose family income was less than 131% of the 
federal poverty threshold consumed more energy, dietary fiber, potassium, SFA, and sodium, 
and less vitamin D and calcium than those whose family income was greater than 185% of the 
federal poverty threshold (114).  Adults 20 y and older with a family income less than 131% of 
the poverty threshold consumed less of all of those nutrients than adults with a family income 
greater than 185% of the federal poverty threshold (114).  
Low-income families had poorer diet quality than high-income families (11).  
Socioeconomic status had an inverse association with FV intake (8).  Among low-income 
children, 72% and 85% were likely to consume fewer than the recommended number of servings 
of fruit and vegetables, respectively (8).  Children and women of low SES chose high-fat meats 
over lean meats (46) and consumed more processed foods (42) than their higher-income 
counterparts.  Low SES children and women also consumed less than the recommended number 
of servings of whole grains (43) and dairy (44,45).    
Low-income women had poorer diets than their higher income counterparts (115).  A 
recent study assessed the diets of women of low and high SES and showed that energy density 
was inversely associated with diet cost.  Diets that were low in energy were nutrient-dense.  That 
study also found that women of high SES were more likely than women of low SES to consume 
a low energy, nutrient-dense diet (115).  Another study that looked at grocery shopping behavior 
of low-income women found that the most commonly purchased foods were refined grains and 
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high fat meats (46).  High fat meats are energy-dense, and are not considered nutrient-dense (21).  
That study also found that low-income women considered meat their most important food group, 
as it was central to breakfast, lunch, and dinner (46).   
Differences in SES accounted for some of the differences in intake by race (116).  A 
recent study found that Blacks consumed fewer servings of vegetables and fewer servings of FV 
than Whites, but the same number of servings of fruit as Whites (116).  However, when that 
study controlled for SES, the disparity between consumption of FV among Blacks and Whites 
became insignificant, and Blacks consumed more fruit than Whites.  Differences in vegetable 
consumption remained unchanged (116).  Further, low-income Black families consumed fewer 
servings of dairy at dinner meals than low-income White families (44), suggesting that 
differences in SES may not account for differences in intakes of all foods by race.   
Part of the association between income and poor diet may be explained by the higher cost 
of nutrient-dense foods when compared to energy-dense nutrient-poor foods (42,46) and the low 
availability of nutrient-dense foods in low-income area stores (47-49).  Low-income women did 
not often purchase FV due to cost, but stated they would purchase more FV if they could afford 
them (46).  Another study found that healthy food selection, such as large variety of FV, in 
grocery stores located in low-income neighborhoods was significantly poorer than those located 
in high-income neighborhoods (47).  Diet quality was also associated with food selection in 
grocery stores (49).    
Lack of sufficient nutrition knowledge may be another barrier to healthful eating patterns 
in low-income households (50).  Low-income parents had less knowledge of the relationship 
between nutrition and chronic disease, healthful eating patterns, and food label use than high-
income parents (50).  Those with more nutrition knowledge than others were more likely to 
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engage in healthful dietary changes (117).  However, some studies showed no association 
between improvements in nutrition knowledge and improvements in diet (118,119).  These 
findings show that improving nutrition knowledge alone is not enough to change behavior.    
Diet Assessment 
The diet assessment method used in these studies was a 24-hour recall.  One of the 
strengths of 24-hour recalls is accurate estimation of population intake (120-123).  Multiple 
studies found that reported intake was within 10% of actual intake (121-123).  Another strength 
of 24-hour recalls is the low burden on the respondent.  Because recalls are conducted as 
interviews, respondents do not need to be literate (120).  Additionally, no specific knowledge or 
training is needed for participation (120).  Multiple-pass 24-hour recalls taken over a 3-day 
period that included both weekend and week days were the most accurate method of diet 
assessment when mothers reported intake for their young child (124).  Single-day multiple-pass 
24-hour recalls are also effective for estimating mean intake of a population (120).   
In this study, mothers reported for themselves and served as a proxy for reporting child 
intake since children of this age cannot accurately report their own intake (125).  This is not 
uncommon in those studies where parents reported child’s intake (126-131).  Limitations of 
proxy reporting of 24-hour recalls include parental overreporting (129,130,132) or 
underreporting (132-134).  Mothers are also able to report accurately what the child consumed at 
home (132), but not outside the home (134); this can affect the accuracy of the recall.  To 
mitigate this effect, one 24-hour recall from a weekend day was used in these studies.   
Reporting errors could also have occurred in the mothers’ recall.  A study conducted in 
Jamaica showed that those of lower weight were more likely to overreport intake than those of 
higher weight (135).  Overreporting was also negatively associated with age and level of 
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education (135).  Underreporting was positively associated with weight in adults who self-
reported intake (136).  The same was also true in a population of low-income women (137).  
Underreporting among subjects of high BMI may be due to a desire to lose weight (138).   
Head Start 
Families in these studies participated in HS, a federally funded preschool program, 
available to young children from low-income families.  The purpose of the program is to provide 
those children with basic academic knowledge prior to starting kindergarten (139).  Head Start 
also provides low-income children with health care services (139) since many do not receive 
adequate health care (140,141).  Head Start is a participant in the United States Department of 
Agriculture’s Child Nutrition programs; the low-income children in HS qualify for free meals 
served at the center (139).  In the HS programs used in these studies, children received breakfast, 
lunch, and at least one snack.  These meals meet the requirements for the National Breakfast 
Programs and the National School Lunch Programs (139).   
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CHAPTER 3 
RESEMBLANCE IN DIETARY INTAKES OF SWEETS, SNACKS, FRUIT, AND 
VEGETABLES AMONG MOTHER-CHILD DYADS FROM FAMILIES WITH 
LIMITED INCOMES 
 
Introduction 
Diets of low income children and adults rely heavily on nutrient-poor, energy-dense 
foods and individuals are not meeting the recommended number of servings of fruit and 
vegetables (FV).  Snacking prevalence and the number of snacking events has increased in recent 
years.  Diets of parents, especially mothers, likely influence those of preschool children; 
however, data on the association of food intake between mother-child dyads is limited. 
In children and adults, the number of snacking episodes is high (55) and has risen in 
parallel with the prevalence of obesity (13); although a cause and effect relationship is lacking.  
Approximately 28% and 29% of energy intake in males and females 2-5 years of age (y), 
respectively, came from snacks.  The prevalence of snacking in adults has increased over the past 
30 years to 97%; and the total energy coming from snacks was 24% (17).  The principal snack 
foods of children tended to be nutrient-poor, energy-dense, including desserts and sweetened 
beverages (13), whereas, adults tended to choose salty snacks, chips, and nuts, rather than sweet 
snacks (17).  Both types of snacks tend to be nutrient-poor, energy-dense. 
Fruit and vegetables are generally low in energy and saturated fatty acids and provide 
important vitamins, minerals, and phytochemicals. However, intake of FV has decreased in the 
past 20 years (60) and both are consumed below recommended levels by children and adults 
(16).  A direct relationship between FV consumption in preschool children and in adulthood is 
unclear; however, eating patterns of children tend to track into adulthood (62).  This suggests 
that preschool children with low intakes of FV may continue this pattern through adulthood.  
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Fruit and vegetable intake below recommended amounts may contribute to obesity if these foods 
are replaced in the diet by nutrient-poor, energy-dense foods (21), although the relationship 
between FV consumption and overweight/obese status has not been confirmed in either children 
or adults (142).  Low intake of FV puts adults at risk for the development of chronic diseases 
including cardiovascular disease, type 2 diabetes, and cancer (21); thus, it is important to 
establish healthy eating patterns early in life.  Based on the overall energy density and health 
benefits these foods provide, children and adults need to include more FV in the diet.  Snacking 
on FV may be one way to increase intake of these foods; parental modeling may be another. 
Mothers have been shown to serve as role models for their children’s health related 
behaviors (3), including diet; and parental food preferences and behaviors have been shown to 
influence children’s food preferences (1,3).  The food preferences of parents have been shown to 
affect the foods they buy and consume, and, thus, those made available to their children (1).  
Young children imitate the diets of their parents (1,3,7); for example, preschool children have 
been shown to choose healthy foods they’ve seen their parents purchase (12,143).  Children, 3-5 
y, had a stronger positive correlation to the diets of their parents than older children (6) or 
adolescents (7).  Stronger positive correlations have been shown between the diets of parents and 
daughters (7,144) than for parents and sons (7,54).  Some food categories, such as FV (6,54) and 
snacks (6) have shown stronger correlations between mothers and children than others (7), such 
as sweets and candies (54). 
No studies have assessed the resemblances in dietary intake of snacks, sweets, and FV 
among mother-child dyads from families with limited incomes.  Therefore, the objective of this 
study was to determine the association between intakes of snacks, sweets, fruit, and vegetables of 
mothers and children 3 to 5 y participating in Head Start (HS). 
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Subjects and Methods 
Study Participants 
This was a secondary analysis of data collected on mother-child dyads from HS centers 
(n=57) in Alabama and Texas.  Inclusion criteria were having a child enrolled in HS in his or her 
first year of participation and an income at or below 100% of the poverty index, and self-
identifying race/ethnicity as Black, Hispanic, or White.  The final sample included 650 mother-
child dyads.  Methodological details of the study have been published previously (44).  The 
study was approved by the Institutional Review Board of the Baylor College of Medicine.  
Adults provided written informed consent for themselves and their children prior to entry into the 
study. 
Anthropometric Assessment 
Heights and weights of all mother-child dyads were measured twice (145) to determine 
the mean.  Height was measured using a stadiometer (Shorr Productions Growth Unlimited, 
Olney, MD) and recorded to the nearest 0.1 cm.  Weight was recorded to the nearest 0.1 kg and 
was measured on a scale calibrated to 500±0.5 kg (Befour Model PS-6600, Saukville, WI) with 
subjects wearing light clothing.  Body Mass Index (BMI) was calculated as kilograms/meters2 
(146); and the weight status of mothers was reported as underweight <18.5; normal 18.5<24.9; 
overweight 25-29.9; obese >30 (147).  The weight status of the child was determined by 
calculating BMI z-scores using BMI-for-age percentiles from the Reference Standards from the 
Centers for Disease Control and Prevention (148); weight status was reported as underweight 
(<5th%), normal weight (5th to 84th%), overweight (85th to <95th%), or obese (>95th%) (149). 
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Dietary Data 
Twenty-four-hour recalls on participants were collected using a standard multiple pass 
method (122) for one weekend day.  One weekend day was chosen, rather than consecutive day 
recalls, since mothers may not know what their children consume at day care or other venues 
outside the home (134).  Mothers, grandmothers, or guardians (subsequently referred to as 
mothers) provided the recall for the child.  Foods were grouped into categories (Table 1.1) for 
statistical analysis.  Serving sizes for snacks and sweets were defined according to the Nutrition 
Data System for Research software (version 5.0_35, 2004, Nutrition Coordinating Center, 
University of Minnesota, MN).  Serving sizes for FV were defined according to MyPyramid 
(now MyPlate) (150). 
Statistical Analyses 
Statistical analyses were run using the Statistical Analysis Software (SAS) (version 9.2, 
SAS Institute Inc, Cary, NC, 2008).  Means ± standard deviations, as well as frequency 
distributions, of participant characteristics and intakes were calculated. Plots and histograms of 
residuals were used to investigate homogeneity of variance and normal distribution of variables.  
Analysis of variance was conducted to detect differences by race/ethnicity groups for continuous 
variables and Chi-square analysis was used for categorical variables.  Statistically significant p-
values were <0.05.  A Bonferroni correction was applied to maintain the overall significance 
level while comparing multiple variables; thus, with three comparison groups, the effective p-
value was 0.0167.  To assess the associations between selected food intakes of the mother-child 
dyads, Pearson partial correlation coefficients were determined.  Covariates were age and 
ethnicity/race for children and mothers, child BMI z-score or mothers’ BMI, and child gender.   
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Table 1.1:  Food Group Definitions used to assess diets of mother-child dyads from Head 
Start in Alabama and Texas . 
Snacks 
Salty Snack Foods 
Crackers – whole grain 
Crackers – some whole grain 
Crackers – refined grain 
Snack chips – whole grain 
Snack chips – some whole grain 
Snack chips – refined grain 
Popcorn 
Flavored popcorn 
Fruit-based savory snack 
Vegetable-based savory snack 
Meat-based savory snack 
Sweets 
Cakes/Cookies/Pies/Pastries/Bars 
Cakes/cookies/pies/pastries/Danish/doughnuts/cobblers – whole grain 
Cakes/cookies/pies/pastries/Danish/doughnuts/cobblers – some whole grain 
Cakes/cookies/pies/pastries/Danish/doughnuts/cobblers – refined grain 
Snack bars – whole grain 
Snack bars – some whole grain 
Snack bars – refined grain 
Fruit 
Citrus fruit 
Fruit excluding citrus fruit 
Avocado 
Vegetables 
Dark green/deep yellow vegetables 
Tomatoes 
Potatoes/starchy vegetables 
White potatoes, excluding fried potatoes 
Other starchy vegetables 
Fried vegetables 
Fried potatoes 
Fried fruit 
Other vegetables 
Legumes 
 
Results 
Demographics of Mother-Child Dyads 
Black mother-child dyads comprised 42.5% (n=276) of the population, while 30% 
(n=195) of the dyads were Hispanic and 27.5% (n=179) were White (Table 1.2).  The average 
ages of the mothers and children were 31.8±8.3 y and 4.4±0.6 y, respectively.  Black mothers 
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had a higher mean BMI (33.5±8.8) than either Hispanic (29.6±6.1) or White mothers (30.4±8.8) 
(p<0.05).  Mothers that were overweight or obese comprised 26.4% and 51.3% of the sample, 
respectively.  Children that were overweight or obese comprised 13.9% and 26.0% of the 
sample, respectively.  There was also a difference in BMI z-scores among the racial/ethnic 
groups of the children, with Black (0.5±1.6) children having the lowest score, followed by 
Hispanic children (0.9±1.2), and then White (1.3±1.7) children (p<0.05). 
Food Consumption Patterns of Children and Mothers by Race 
Hispanic children consumed the same number of servings of snacks (0.32±0.54) as Black 
and White children (Table 1.3), but the number of snacks consumed by White children 
(0.42±0.57) was higher than that of Black children (0.27±0.46) (p<0.05).  White children 
consumed the same number of servings of sweets (0.34±0.64) as Black and Hispanic children, 
but Hispanic children (0.45±0.70) consumed more than Blacks (0.21±0.47) (p<0.05).  There was 
no difference between the number of servings of fruit consumed between Black (0.33±0.61) and 
White children (0.40±0.77); however, both groups had lower intake than Hispanic children 
(0.99±1.12) (p<0.05).  Hispanic children consumed the most servings of vegetables (1.62±1.40), 
followed by White (1.24±1.08) and Black children (0.95±0.87) (p<0.05). 
Black mothers consumed the same number of snack servings (0.27±0.56) as Hispanic or 
White mothers, while the number of snack servings consumed by Hispanic mothers (0.19±0.52) 
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Table 1.2:  Demographics and Anthropometrics for Children and Mothers by Race from One Weekend Day 24-Hr Recalls (N=650) 
 Total Black Hispanic White 
 M ± SD Min–Max M ± SD Min–Max M ± SD Min–Max M ± SD Min–Max 
Mothers Age, yr1 31.8 ± 8.3 20.1–72.4 32.9 ± 9.1 a 20.6–72.4 30.5 ± 5.9 b 20.1–49.3 31.3 ± 9.2 ab 20.2–67.8 
Child Age, yr 4.4 ± 0.6 2.8–5.8 4.6 ± 0.7 a 2.8–5.8 4.1 ± 0.5 b 2.9–5.7 4.6 ± 0.5 a 3.2–5.7 
Household Number 4.4 ± 1.6 1.0–12.0 4.3 ± 1.7 ab 1.0–12.0 4.7 ± 1.5 a 2.0–12.0 4.2 ± 1.5 b 2.0–12.0 
Maternal BMI2 kg/m² 3  31.4 ± 8.2 17.1–77.4 33.5 ± 8.8 a 17.1–61.4 29.6 ± 6.1 b 18.3–48.1 30.4 ± 8.8 b 18.3–77.4 
Child's BMI z-score 0.8 ± 1.6 -8.3–6.5 0.5 ± 1.6 a -8.3–6.1 0.9 ± 1.2 b -2.4–5.2 1.3 ± 1.7 c -7.4–6.5 
 N % n % n % n % 
Race/Ethnicity, self defined 650 100 276 42.5 195 30.0 179 27.5 
Education Completed 4         
High School or less 386 59.4 124 44.9 146 64.8 386 59.4 
Some College/Technical 206 31.7 121 43.8 33 29.1 206 31.7 
College Grad and Higher 58 8.9 31 11.3 16 6.1 58 8.9 
Marital Status4         
Married 311 47.8 78 28.3 112 57.4 121 47.8 
Divorced/Widowed/Separated 131 20.2 60 21.7 26 13.3 45 20.2 
Never Married 169 26.0 132 47.8 24 12.4 13 26.0 
Other 39 6.0 6 2.2 33 16.9 0 6.0 
Mother's Weight Status4, 5         
<25.0 Normal/Underweight 140 22.3 43 15.7 46 24.2 51 31.1 
25.01 – 29.9 Overweight 166 26.4 62 22.6 60 31.6 44 26.8 
>30 Obese 322 51.3 169 61.7 84 44.2 69 42.1 
Child's Weight Status4, 5         
<5th percentile Underweight 23 3.6 15 5.6 2 1.0 6 3.5 
5th - 84th percentile Normal 358 56.5 159 59.8 122 62.6 77 44.5 
85th-95th percentile Overweight 88 13.9 40 15.0 25 12.8 23 13.3 
>95th percentile Obese 165 26.0 52 19.5 46 23.6 67 38.7 
Means ± (standard deviation) with same letter in their superscripts do not differ significantly from one another according to Bonferroni correction with p<0.0167. 
1 Years; 2 Body mass index; 3 Kilograms per meter squared; 4 Overall X2 <0.0001;  5not all mothers and children had weights taken, thus the numbers do not total 650 
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Table 1.3:  Mean ± Standard Deviation of Food Servings for Children and Mothers by Race from One Weekend Day 24-hr 
Recalls (N=650) 
 
Total 
 
M ± SD       Min–Max 
Black 
 
M ± SD          Min–Max 
Hispanic 
 
M ± SD             Min–Max 
White 
 
M ± SD        Min–Max 
Children:         
Snacks 0.33 ± 0.52 0.00–2.05 0.27 ± 0.46 a 0.00–2.05 0.32 ± 0.54 ab 0.00–2.05 0.42 ± 0.57 b 0.00–2.05 
Sweets 0.32 ± 0.60 0.00–2.41 0.21 ± 0.47a 0.00–2.41 0.45 ± 0.70 b 0.00–2.41 0.34 ± 0.64 ab 0.00–2.41 
Fruit 0.55 ± 0.88 0.00–3.89 0.33 ± 0.61 a 0.00–2.77 0.99 ± 1.12 b 0.00–3.89 0.40 ± 0.77 a 0.00–3.89 
Vegetables 1.23 ± 1.14 0.00–5.09 0.95 ± 0.87 a 0.00–4.50 1.62 ± 1.40 b 0.00–5.09 1.24 ± 1.08 c 0.00–5.09 
Mothers:         
Snacks 0.28 ± 0.56 0.00–2.45 0.27 ± 0.56 ab 0.00–2.45 0.19 ± 0.52 a 0.00–2.45 0.38 ± 0.60 b 0.00–2.45 
Sweets 0.36 ± 0.73 0.00–3.04 0.22 ± 0.59 a 0.00–3.04 0.54 ± 0.88 b 0.00–3.04 0.37 ± 0.71 ab 0.00–3.04 
Fruit 0.44 ± 0.88 0.00–3.90 0.25 ± 0.62 a 0.00–3.90 0.92 ± 1.22 b 0.00–3.90 0.23 ± 0.52 a 0.00–2.77 
Vegetables 2.65 ± 2.31 0.00–10.22 1.86 ± 1.56 a 0.00–7.31 4.20 ± 2.85 b 0.00–10.22 2.17 ± 1.73 a 0.00–10.22 
Means ± (standard deviation) with same letter in their superscripts do not differ significantly from one another according to t-tests with a Bonferroni correction (p<0.0167). 
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was less than the number consumed by White mothers (0.38±0.60) (p<0.05).  White mothers 
consumed the same number of sweets (0.37±0.71) as Black and Hispanic mothers, but Black 
mothers consumed fewer sweets (0.22±0.59) than Hispanic mothers (0.54±0.88) (p<0.05).  The 
number of servings of fruit and vegetables consumed by Black (0.25±0.62 and 1.86±1.56, 
respectively) and White mothers (0.23±0.52 and 2.17±1.73, respectively) did not differ; 
however, Hispanic mothers consumed more servings of these food groups (0.92±1.22 and 
4.20±2.85, respectively) than Black and White mothers (p<0.05). 
Food Consumption Patterns of Children Only and Mothers Only 
Children’s intake of snacks was correlated with intake of sweets and snacks combined 
(Table 1.4) (p<0.0001).  Intake of sweets by children was also correlated with intake of sweets 
and snacks combined (p<0.0001).  Fruit intake by children was positively correlated with intake 
of vegetables (p<0.05). 
Table 1.4:  Partial Correlation Snacks, Sweets, and Fruit and Vegetables (Servings) for 
Children and Mothers: One Weekend Day 24-hr Recall (N=650) 
 Children
1 Mothers
2 
Food 
Group 
Snacks Sweets 
Sweets  
&  
Snacks 
Fruit Vegetables Snacks Sweets 
Sweets 
& 
Snacks 
Fruit Vegetables 
     
 
    
 
Sweets 0.058    
 
0.044    
 
Sweets & 
Snacks 
0.682** 0.770**   
 
0.629** 0.804**   
 
Fruit 0.032 0.050 0.057  
 
-0.090* 0.096* 0.021  
 
Vegetables -0.033 -0.023 -0.038 0.128* 
 
-0.057 0.115* 0.055 0.251** 
 
1Adjusted for BMI z-score, sex, age, ethnicity/race 
2Adjusted for BMI, age, ethnicity/race 
p-value: ** <0.0001, *<0.05 
 
Intake of snack servings by mothers was positively correlated with mothers’ consumption 
of sweets and snacks combined (Table 1.4) (p<0.0001), but negatively correlated with mothers’ 
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consumption of fruit (p<0.05).  Mothers’ intake of sweets was positively correlated with 
consumption of sweets and snacks combined (p<0.0001), and fruit and vegetables (both p<0.05).  
Fruit intake by mothers was positively correlated with intake of vegetables (p<0.0001). 
Correlation of Intake between Children and Mothers 
The partial correlations for food group consumption of mothers and children are 
summarized in Table 1.5.  Mothers’ number of servings of snacks, sweets, fruit, and vegetables 
consumed was associated with the number of servings that their child consumed of the same 
foods (all p<0.0001).  Mothers’ intake of servings of sweets was associated with children’s 
intake of fruit servings (p<0.05).  Mothers’ number of servings of fruit consumed was associated 
with their children’s intake of servings of vegetables (p<0.05).  Intake of vegetable servings by 
mothers was correlated with children’s intake of servings of fruit (p<0.0001).  Finally, the total 
gram amount of food/beverages consumed by mothers and their children was positively 
correlated (p<0.0001) (Figure 1.1). 
Table 1.5:  Partial Correlation Foods (Serving) for Children and Mothers: One Weekend 
Day 24-hr Recall (N=650) 
Mothers 
Children Snack Sweets Fruit Vegetables 
Snack 0.340** 0.053 -0.045 -0.021 
Sweets 0.000 0.345** 0.050 0.057 
Fruit -0.049 0.126* 0.349** 0.226** 
Vegetables 0.005 0.007 0.124* 0.476** 
Adjusted for child BMI z-score, child sex, child age, ethnicity/race, Parent age (yrs), Parent BMI. 
p-value: **<0.0001, *<0.05. 
 
 
 
 Figure 1.1:  Total Intake for One Weekend Day (grams) by Mother
Head Start in Alabama and Texas
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all snack occasions consisted of water only (55).  Using those data, it was shown that Black and 
White children tended to have more snacking occasions than Hispanic children (151).  The 
current study found that Hispanic children consumed the same number of servings of snacks as 
Black and White children, but that White children consumed more servings than Black children.  
However, it is possible that the number of snacking occasions and the number of snack servings 
are not associated.  Data from the 2008 Feeding Infants and Toddlers Study showed that 86% of 
children 2 and 3 y consumed some type of sweetened beverage, dessert, sweet, or salty snack in a 
day; however, that study did not look at the number of servings consumed (59).  The current 
study found that the number of servings of snacks consumed by children was positively 
associated with consumption of servings of sweets and snacks combined. 
The relationship of snacking behavior and weight in preschool children is not clear; 
although in older children, sedentary behavior (56), which may occur during snacking occasions, 
coupled with large portion size, intake of sweets and salty foods which may be nutrient-poor, 
energy dense, and low intake of FV, may contribute to high BMI (56-58).  Another study showed 
that snacking was associated with reduced risk of weight and abdominal obesity (152); however, 
that study was done in adolescents.  Because of the uncertainty of the effect of snacks, it is 
important to study snack intake in children and adults.  Previous studies have suggested that 
mothers’ intake of snacks, as well as nutrient-poor, energy-dense foods, such as sweets, 
influenced intake of children (6,52,54); however, another study suggested there was no 
correlation between sweet or savory snack food consumption of parents and children 5-6 y (51).  
This study showed that consumption of servings of snacks and intake of sweet and salty snacks 
in the mother-child dyads was highly correlated.  This provides the opportunity for the mother to 
model consumption of nutrient-dense snack foods for their children. 
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Consumption of FV is associated with intake of key nutrients which have a protective 
effect on health, especially cardiovascular health (153) and cancer (154).  Intuitively it would be 
expected that FV consumption would also be associated with a healthy weight (61,155); 
however, this relationship has recently been questioned (142).  In the current study, the average 
intake of FV by low-income mothers and children was well below the recommended number of 
1-1½ cups of fruit and 1-1½ cups of vegetables per day for children, and 1½-2½ cups of fruit and 
2-4 cups of vegetables per day for adult females (16,150).  Low-income status may affect intake 
of FV due to reduced availability (116).  Stronger positive correlations between FV intake in 
parents and children have been observed in those households with sufficient availability of these 
foods (61); although, that study was done in children and adolescents 6-18 y, not in preschool 
children.  Other studies involving older children and adolescents have also shown this 
association (3,61,144).  The positive association in FV intake shown in this study between 
mothers and preschool children suggested that parental modeling was important and that mothers 
could encourage consumption of these healthful foods by consuming them themselves. 
Differences in FV intakes among Blacks, Hispanics, and Whites have been shown.  
Mexican Americans and Whites were found to consume more servings of fruit than Blacks.  
Whites consumed the most servings of vegetables, and Blacks consumed the least (116).  In the 
current study, Hispanic children consumed more servings of FV than Black or White children.  
Some differences in intake among races have been explained by differences in socioeconomic 
status (SES).  Blacks have been shown to consume fewer servings of FV than Whites; half of this 
difference was associated with SES (116).  In the current study, SES was not a determinant of 
differences in intake since all subjects were low-income.  Cultural preferences or the lack of 
availability of FV may have accounted for these findings (156). 
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The gram amount of food consumed was highly correlated in mother-child dyads.  The 
amount of food intake has been understudied and a direct association between food intake and 
BMI is unclear.  Energy intake was more likely to be associated with BMI than food intake per 
se (157).  High energy intake has been associated with high BMI in children (158).  Controlling 
portion sizes of energy-dense foods, frequency of meals, and increasing portion sizes of FV 
(159) may be beneficial in controlling energy intake.  This may be an effective method of 
controlling weight.  Since children imitate the diets of their parents (1,3), teaching mothers to 
control portion sizes and frequency of meals may be beneficial in preventing childhood obesity.  
Further research is needed to determine if a causative relationship exists between volume of food 
intake and energy intake and BMI. 
Efforts to prevent childhood obesity should include promotion of healthy snacking and 
low intake of nutrient-poor energy dense foods by parents.  Additionally, it is important for 
children to be exposed to an environment that promotes intake of healthy foods, such as FV.  
Ideally, this environment should include high availability of FV, parental promotion of their 
consumption, and parental modeling of consumption (59).  Therefore, nutrition professionals and 
communities need to work together to increase availability and knowledge of the benefits of FV 
to low-income populations. 
Study Limitations 
This is a cross-sectional study, thus causal inferences cannot be drawn.  Twenty-four 
hour dietary recalls may not reflect usual intake.  They depend on memory; thus, subjects may 
under- or over-report intake.  However, a single 24-hour recall is sufficient to report mean usual 
intake of a group (120).  The mother served as a proxy for their child during the 24-hour recall 
interview; whereas, mothers can often accurately report what the child consumed at home (132) 
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and they may not know what the child consumed outside the home (134) which can result in 
reporting errors.  Lastly, this study was conducted in low-income mother-child dyads in HS 
programs in the southern United States, and findings cannot be generalized to other populations. 
Conclusions 
Food group consumption from snacks was highly correlated in the mother-child dyads 
studied.  Fruit and vegetable consumption was low in mothers and their children and 
consumption was highly correlated in the dyads.  It is important that nutrition educators address 
healthy snacking, low consumption of sweets, and increased consumption of FV with mothers so 
that they are more likely to provide and model consumption of healthy foods for their preschool 
children.  This may be an important strategy in the prevention and reduction of childhood obesity 
and a way to increase overall diet quality. 
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CHAPTER 4 
DIETARY INTAKES OF ENERGY, SELECTED MACRONUTRIENTS, AND 
SELECTED MICRONUTRIENTS AMONG MOTHER-CHILD DYADS FROM HEAD 
START ARE HIGHLY CORRELATED 
Introduction  
Influences on the diets of preschool children have been understudied.  However, studies 
have shown that the diets of preschool children and their parents were more strongly correlated 
than the diets of older children (6,160) or adolescents (160) and parents.  Overall, preschool 
children’s diets and food preferences have been shown to be influenced by those of their parents, 
especially mothers (1,3).  Mothers’ own food preferences influence the foods they buy and 
consume, as well as those made available to their children (1).  Mothers also model eating 
behaviors to their children (3).  Outside the home, preschool children chose foods they had seen 
their parents purchase (12,143).  If the diets of mothers are poor, the diets of their children may 
also be poor, putting both groups at risk for chronic disease (15).   
Children attending Head Start (HS), a preschool program for low-income children 3-5 y 
(139), consumed fewer essential nutrients than children attending other preschool programs (9).  
Children from HS were also more likely to be obese than children from other preschool 
programs (9).  Further, the body mass index (BMI) z-score of children attending HS was 
significantly associated with parental BMI (161).  This was not unexpected, as the diets of low-
income populations were generally energy-dense and nutrient-poor (11,115).  Further, low-
income women had poorer diets than their higher income counterparts (115).   
 Energy intake by children and adult females decreased between 2003 and 2008 (22).    The 
recommendations of 4,180-6,690 kilojoules (kJ) per day for children 2-5 y, and 6,690-10,040 kJ 
per day for adult females are dependent on age and activity level (21), and since that study did 
not look at physical activity (22), it is difficult to determine if children’s and adults’ energy 
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intakes actually exceeded their recommendations.  However, in the past 25 years, obesity and 
related comorbidities increased in children and adults (162).  As excess energy intake is a well-
known contributor to obesity, this suggests that mean energy intake may have exceeded 
recommendations.       
 The 2010 Dietary Guidelines for Americans (DGA) identified dietary fiber, vitamin D, 
calcium, and potassium as nutrients of public health concern for children and adults (21).   
Recommended intakes of nutrients for children and mothers are summarized in Table 2.1.   Mean 
intake of dietary fiber and vitamin D by children (9,10,22) and adult females (22) was 
insufficient to meet the adequate intake (AI) and estimated average requirement (EAR), 
respectively, established by the Institute of Medicine (IOM) (15).  Recent evidence showed that 
calcium may be a shortfall nutrient in children as young as 4 y (26).  Calcium was also a shortfall 
nutrient among adult females, as mean intake did not meet the recommended dietary allowance 
(RDA) (15,22).  Finally, mean intake of potassium was below the AI for both children 
(9,10,15,22) and adults (15,22). 
Nutrients of overconsumption in the diets of children and adults, as identified by the 2010 DGA, 
are added sugars, saturated fatty acids (SFA), trans fat, and sodium (21).  Added sugars, SFA, 
and trans fat are thought to contribute large amounts of energy to the diet, and relatively few 
essential nutrients (15,21).  Sodium was positively associated with blood pressure (BP) in 
preschool children (32) and risk of hypertension in adults (111).  Because of the associations of 
those nutrients and the nutrients of public health concern with the health of children and adults, 
the objective of our study was to determine the correlation in intakes of energy, dietary fiber, 
vitamin D, calcium, potassium, added sugars, SFA, trans fat, and sodium between mother-child 
dyads from Head Start.     
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Table 2.1:  Recommended Nutrient Intakes per Day for Children Under 8 y and Adult 
Females. 
 Children < 8 y Adult Females 
Energy (kJ)
a 2010 DGAf: 4180-8370 (21) 2010 DGA: 7535-9210 (21) 
Dietary Fiber (g)
b AI
g 1 – 3 y: 19 (15) 
AI 4 – 8 y: 25 (15) 
AI: 25 (15) 
Vitamin D (µg)
c EARh: 10 (15) 
Calcium (mg)
d RDA
i 1 – 3 y: 700 (15) 
RDA 4 – 8 y: 1000 (15) 
RDA: 1000 (15) 
Potassium (mg) 
AI 1 – 3 y: 3000 (15) 
AI 4 – 8 y: 3800 (15) 
AI: 4700 (15) 
Added Sugars (g) IOMj: < 25% energy (15) 
IOM: < 25% energy (15) 
AHAk: < 420 kJ (37) 
SFA
e
 (g) 
IOM: As low as possible (15) 
2010 DGA: < 10% energy (21) 
Trans Fat (g) IOM & 2010 DGA:  As low as possible (15,21) 
Sodium (mg) 
ULl 1 – 3 y: 1500 (15) 
UL 4 – 8 y: 1900 (15) 
UL: 2300 (15) 
UL for Blacks: 1500 (15) 
aKilojoules; bgrams; cmicrograms; dmilligrams; esaturated fatty acids; fDietary Guidelines for Americans; gadequate intake; 
hestimated average requirement; irecommended dietary allowance; jInstitute of Medicine; kAmerican Heart Association; ltolerable 
upper level limit 
 
Methods and Materials 
Study Participants 
 This study was a secondary analysis of data collected to assess the diets of mothers and 
children enrolled in HS centers (N=57) in Alabama and Texas.  Study participants (N=650) self 
identified race as Black, Hispanic, or White.  All mothers had an income at or below 100% of the 
poverty level and had a child enrolled in HS.  Details of the study design have been published 
previously (163).  The Institutional Review Board of the Baylor College of Medicine approved 
this study.  Informed consent was obtained from adults for themselves and their child. 
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Dietary Data 
 Twenty-four hour dietary recalls were collected on all subjects for one weekend day using a 
standard multiple pass method (122).  Mothers, grandmothers, and guardians (subsequently 
referred to as mothers) provided recalls for their child.  Energy and nutrient content of foods 
were determined using Nutrient Data System for Research software (version 5.0_35, 2004, 
Nutrition Coordinating Center, University of Minnesota, MN).   
Statistical Analysis 
 Statistical Analysis Software (version 9.2, SAS Institute Inc, Cary, NC, 2008) was used to 
analyze the data.  Means ± standard deviations of nutrient intakes, as well as frequency 
distributions were calculated.  Homogeneity of variance and normal distribution of variables 
were investigated using plots and histograms of residuals.  Differences by race/ethnicity groups 
were determined using analysis of variance for continuous variables.  Chi-square analysis was 
used for categorical variables.  Significant p-values were < 0.05.  A Bonferroni correction was 
applied when comparing multiple variables; thus, the effective p value was 0.0167.  Pearson 
partial correlation coefficients were determined to assess differences in nutrient intakes in the 
mother-child dyads.  Age, ethnicity/race, child BMI z-score, BMI of mothers, and child gender 
were all covariates. 
Results 
Demographics of Mother-Child Dyads  
Black, Hispanic, and White mother-child dyads comprised 42.5%, 30.0%, and 27.5% of 
the sample, respectively.  The average age of mothers was 31.8±8.3 y, and the average age of 
children was 4.4±0.6 y.   
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Nutrient Consumption Patterns of Children and Mothers by Race 
 Energy intake in children varied significantly by race (Table 2.2) with Hispanic children 
consuming the most (6,987±2,607 kJ), followed by White (5,577±2,222 kJ) (p<0.05) and Black 
children (4,305±1,828 kJ) (p<0.05).  Intake of dietary fiber was highest among Hispanic children 
(12.42±8.36 grams [g]), lower among White children (8.39±4.82 g) and lowest among Black 
children (6.63±3.85 g) (p<0.05).  Intake of vitamin D, calcium, and potassium was highest 
among Hispanic children (6.46±4.21 micrograms [µg], 930.97±558.78 milligrams [mg], and 
2,170±961 mg, respectively), lower among White children (4.18±3.58 µg, 634.43±397.25 mg, 
and 1,509±685 mg, respectively), and lowest among Black children (3.1±4.02 µg, 373.28±219 
mg, and 1,054±524 mg, respectively) (p<0.05).  Intake of added sugars was lowest among Black 
children (38.8±28.78 g) (p<0.05), but did not differ between Hispanic (68.23±46.31 g) and 
White children (61.61±49.59 g).  Intake of SFA was highest among Hispanic children 
(23.36±12.71 g), lower among White children (19.93±11.22 g), and lowest among Black 
children (14.27±8.66 g) (p<0.05).  Trans fat and sodium intake was lowest among Black children 
(3.16±2.84 g and 1,816±999 mg, respectively) (p<0.05), but did not differ between Hispanic 
(4.04±3.02 g and 2,409±1,094 mg, respectively) and White children (4.72±3.89 g and 
2,286±1,157 mg, respectively).   
 Energy intake was highest in Hispanic mothers (9,414±3,941 kJ) (p<0.05), but did not differ 
between Black (6,205±2,954 kJ) and White mothers (6,858±2,870 kJ).  Dietary fiber intake did 
not differ between Black (8.86±5.68 g) and White mothers (10.4±5.97 g), but was higher among  
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Table 2.2:  Mean ± Standard Deviation of Selected Nutrients for Children and Mothers in Head Start by Race from One Weekend 
Day 24-hr Recalls (N=650) 
 
Total 
 
M + SD              Min-Max 
Black 
 
M + SD              Min-Max 
Hispanic 
 
M + SD              Min-Max 
White 
 
M + SD              Min-Max 
Children:         
Energy (kJ)1 5369 + 2485 1013–13,263 4305 + 1828a 1013–11,774 6987 + 2607b 1021–13,263  5577 + 2222c 1870–13,263  
Dietary Fiber (g)2 8.85 ± 6.29 0.48-55.73 6.63 ± 3.85a 0.48-25.62 12.42 ± 8.36b 0.57-55.73 8.39 ± 4.82c 1.05-28.87 
Vitamin D (µg)3 4.4 ± 4.21 0.01-30.7 3.1 ± 4.02a 0.01-30.7 6.46 ± 4.21b 0.1-29.06 4.18 ± 3.58c 0.16-23.59 
Calcium (mg)4 612.51 ± 460.3 10.94-4580.92 373.28 ± 219a 34.13-1400.53 930.97 ± 558.78b 10.94-4580.92 634.43 ± 397.25c 72.69-4026.61 
Potassium (mg) 1519 + 896 105–4212 1054 + 524a 105–3394 2170 + 961b 155–4212 1509 + 685c 247–4212 
Added Sugars (g) 53.91 ± 42.91 0.43-298.17 38.8 ± 28.78a 0.43-182.74 68.23 ± 46.31b 0.96-249.98 61.61 ± 49.59b 1.1-298.17 
SFA5 (g) 18.55 ± 11.39 1.11-110.88 14.27 ± 8.66a 1.11-75.11 23.36 ± 12.71b 2.3-76.27 19.93 ± 11.22c 3.09-110.88 
Trans Fat (g) 3.85 ± 3.28 0.06-33.15 3.16 ± 2.84a 0.06-22.62 4.04 ± 3.02b 0.16-20.44 4.72 ± 3.89b 0.11-33.15 
Sodium (mg) 2124 + 1104 149–10836 1816 + 999a 149–8301 2409 + 1094b 463–7119 2286 + 1157b 466–10836 
Mothers:         
Energy (kJ) 7385 + 3569 736–18,795 6205 + 2954a 1146–18,795 9414 + 3941b 1280–18,795 6845 + 2870a 736–15,284 
Dietary Fiber (g) 13.04 ± 10.51 0.5-114.68 8.86 ± 5.68a 0.5-38.84 21.36 ± 13.8b 2.76-114.68 10.4 ± 5.97a 1.1-31.56 
Vitamin D (µg) 4.17 ± 6.35 0-82.2 4.18 ± 8.3bc 0-82.2 5.22 ± 5.1b 0.02-46.79 3 ± 3.15c 0.02-25.89 
Calcium (mg) 649.51 ± 486.73 28.36-5847.14 469.55 ± 329a 28.36-2192.27 930.29 ± 599.24b 69.77-5847.14 621.11 ± 409.6c 72.9-2514.21 
Potassium (mg) 1984 + 1103 240–5485 1542 + 824a 240–5485 2795 + 1235b 321–5485 1719 + 738a 288–4052 
Added Sugars (g) 72.18 ± 59.29 0-448.95 58.17 ± 54.57a 0-448.95 83.22 ± 57.79b 0-271.8 81.74 ± 63.63b 0-414.03 
SFA (g) 23.79 ± 15.78 0.34-132.81 20.13 ± 12.07a 0.4-64.42 29.33 ± 19.59b 1.24-132.81 23.4 ± 14.51a 0.34-97.91 
Trans Fat (g) 4.97 ± 4.5 0-39.8 4.39 ± 4.23a 0-35.3 4.97 ± 4.3ac 0.18-39.8 5.84 ± 4.96c 0.01-36.79 
Sodium (mg) 3075 + 1770  91.11–17700 2616 + 1535a 91.11–14140 3747 + 2154b 220–17700 3053 + 1381a 476–8261 
Means ± (standard deviation) with same letter in their superscripts do not differ significantly from one another according to t-tests with a Bonferroni correction   (p<0.0167). 
1Kilojoules; 2grams; 3micrograms; 4milligrams; 5saturated fatty acids  
  
40 
 
Hispanic mothers (21.36±13.8 g) (p<0.05).  Vitamin D intake was higher in Hispanic mothers 
(5.22±5.1 µg) than White mothers (3±3.15 µg) (p<0.05); however intake by Black mothers 
(4.18±8.3 µg) did not differ from the intakes of Hispanic and White mothers.  Calcium intake 
was highest among Hispanic mothers (930.29±599.24 mg), lower among White mothers 
(69.77±5847.14 mg), and lowest among Black mothers (469.55±329 mg) (p<0.05).   Potassium 
intake did not differ between Black (1,542±824 mg) and White mothers (1,719±738 mg), but 
was higher among Hispanic mothers (2,795±1,235 mg) (p<0.05).  Added sugars intake was 
lowest among Black mothers (58.17±54.57 g) (p<0.05), but did not differ between Hispanic 
(83.22±57.79 g) and White mothers (81.74±63.63 g).  Intake of SFA did not differ between 
Black (20.13±12.07 g) and White mothers (23.4±14.51 g), but was higher among Hispanic 
mothers (29.33±19.59 g) (p<0.05).  Intake of trans fat by Black mothers (4.39±4.23 g) was 
higher than intake by White mothers (5.84±4.96 g) (p<0.05); however intake by Hispanic 
mothers (4.97±4.3 g) did not differ from Black or White mothers’ intakes.  Sodium intake did 
not differ between Black (2,616±1,535 mg) and White mothers (3,053±1,381 mg), but was 
higher among Hispanic mothers (3,747±2,154 mg) (p<0.05).   
Nutrient Consumption Patterns of Children Only and Mothers Only 
 Intake of energy in children was positively associated with intake of macronutrients and all 
selected micronutrients (all p<0.0001) (Table 2.3).  Potassium intake was associated with intake 
of dietary fiber and calcium (both p<0.0001).  Added sugars intake was associated with intake of 
SFA and trans fat (both p<0.0001).   
 In mothers, intake of energy was associated with intake of all other nutrients (all p<0.0001) 
(Table 2.4).  Potassium intake by mothers was associated with intake of dietary fiber and calcium 
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Table 2.3:  Partial Correlations Between Energy, Dietary Fiber, Vitamin D, Calcium, Potassium, Added Sugars, SFA, Trans 
Fat, and Sodium for Children in Head Start: One Weekend Day 24-hr Recall (N=650) 
Children Energy Dietary Fiber Vitamin D Calcium Potassium Added Sugars SFA5 Trans Fat Sodium 
Energy (kJ)1          
Dietary Fiber (g)2 0.676a         
Vitamin D (µg)3 0.377a 0.265a        
Calcium (mg)4 0.669a 0.530a 0.512a       
Potassium (mg) 0.809a 0.745a 0.516a 0.719a      
Added Sugars (g) 0.577a 0.221a 0.115b 0.239a 0.265a     
SFA (g) 0.816a 0.447a 0.341a 0.703a 0.614a 0.345a    
Trans Fat (g) 0.506a 0.215a 0.074 0.219a 0.259a 0.241a 0.523a   
Sodium (mg) 0.740a 0.470a 0.235a 0.513a 0.546a 0.319a 0.692a 0.524a  
Adjusted for child BMI z-score, sex, age, ethnicity/race 
p-value: ap<0.0001; bp<0.005 
1Kilojoules; 2grams; 3micrograms; 4milligrams; 5saturated fatty acids 
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Table 2.4:  Partial Correlations Between Energy, Dietary Fiber, Vitamin D, Calcium, Potassium, Added Sugars, SFA, Trans 
Fat, and Sodium for Mothers of Head Start Children: One Weekend Day 24-hr Recall (N=650) 
Mothers Energy Dietary Fiber Vitamin D Calcium Potassium Added Sugars SFA5 Trans Fat Sodium 
Energy (kJ)1          
Dietary Fiber (g)2 0.681a         
Vitamin D (µg)3 0.283a 0.183a        
Calcium (mg)4 0.623a 0.605a 0.294a       
Potassium (mg) 0.794a 0.801a 0.386a 0.633a      
Added Sugars (g) 0.545a 0.177a 0.007 0.153a 0.223a     
SFA (g) 0.818a 0.477a 0.196a 0.649a 0.581a 0.301a    
Trans Fat (g) 0.518a 0.230a 0.156a 0.306a 0.273a 0.246a 0.520a   
Sodium (mg) 0.752a 0.507a 0.274a 0.536a 0.630a 0.250a 0.711a 0.500a  
Adjusted for child BMI z-score, sex, age, ethnicity/race 
p-value: ap<0.0001 
1Kilojoules; 2grams; 3micrograms; 4milligrams; 5saturated fatty acids 
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 (both p<0.0001).  Intake of added sugars was associated with intake of SFA and trans fat (both 
p<0.0001).   
Correlation of Intake between Children and Mothers 
 Intake of energy, dietary fiber, vitamin D, calcium, potassium, added sugars, SFA, trans fat, 
and sodium in mothers was associated with intake of the corresponding nutrients in children (all 
p<0.0001) (Table 2.5).  As expected, energy intake in mothers was positively associated with 
intake of all nutrients in children (all p<0.0001).   
Discussion 
 Nutrient consumption among mother-child dyads was highly correlated.  There was a strong 
correlation in mean energy intake between preschool children and their mothers, suggesting that 
parental intake influenced the child’s intake.  Mean intake of dietary fiber, vitamin D, calcium, 
and potassium did not meet recommendations in either age group.  Mean intake of added sugars 
by mothers exceeded the American Heart Association (AHA) recommendation, but did not 
exceed the IOM recommendation.  Mean intake of SFA and sodium by children and mothers 
exceeded the recommendations.   
Energy intake was highly correlated between children and mothers (Figure 2.1), and also 
varied by race.  The reported energy intake of Black and White children was less than that of 
Hispanic children.  Data from the 2007-2008 National Health and Nutrition Examination Survey 
(NHANES) showed that among children 2-5 y, White children had the lowest mean energy 
intake (164), whereas the current study showed that Black children consumed the least energy.  
However, that study did not look at income and race together.   
Intakes of dietary fiber, vitamin D, calcium, and potassium were correlated in mother-
child dyads.  Children’s intakes of dietary fiber, vitamin D, calcium, and potassium were  
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Table 2.5:  Partial Correlations for Nutrients Between Children and Mothers from Head Start: One Weekend Day 24-hr 
Recall (N=650) 
Children 
Mothers 
Energy Dietary Fiber Vitamin D Calcium Potassium Added Sugars SFA5 Trans Fat Sodium 
Energy (kJ)1 0.483a 0.461a 0.100d 0.405a 0.490a 0.181a 0.384a 0.212a 0.390a 
Dietary Fiber (g)2 0.311a 0.529a 0.070 0.339a 0.433a 0.020 0.178a 0.010 0.236a 
Vitamin D (µg)3 0.220a 0.248c 0.428a 0.197a 0.344a 0.014 0.136b 0.048 0.174a 
Calcium (mg)4 0.349a 0.410a 0.122 0.538a 0.408a 0.057 0.318a 0.101d 0.292a 
Potassium (mg) 0.413a 0.509a 0.137b 0.376a 0.560a 0.068 0.289a 0.079 0.323a 
Added Sugars (g) 0.231a 0.135b 0.029 0.103d 0.167a 0.298a 0.129b 0.097d 0.162a 
SFA (g) 0.440a 0.348a 0.087d 0.421a 0.394a 0.150a 0.460a 0.231a 0.341a 
Trans Fat (g) 0.252a 0.111c 0.056 0.149a 0.141a 0.069 0.227a 0.380a 0.188a 
Sodium (mg) 0.354a 0.283a 0.053 0.308a 0.322a 0.150c 0.310a 0.229a 0.401a 
Adjusted for child BMI z-score, child sex, child age, parent age (yrs), parent BMI 
p-value: a<0.0001; b<0.005; c<0.01; d<0.05 
1Kilojoules; 2grams; 3micrograms; 4milligrams; 5saturated fatty acids 
  
 Figure 2.1:  Total Energy Intake for One Weekend Day (kilojoules) by Mother
Dyads from Head Start in Alabama and Texas
correlated.  However, children consumed less than the AI for dietary fiber, the EAR for vitamin 
D, the RDA for calcium, and the AI for potassium.  In children, consumption of dietary fiber 
below the AI and vitamin D below the EAR was associated with consti
disease (24), respectively.  Recent evidence showed that calcium may be a shortfall nutrient in 
children as young as 4 y (26).  Further, inadequate intake of calcium during childhood may 
increase the risk of fractures during adultho
and children’s health is unclear; however, nutrient intakes were shown to track, beginning in 
early childhood (31).  This suggests that inadequate intake of potassium during childhood may 
continue in adulthood.   
Mothers’ intakes of dietary fiber, vitamin D, calcium, and potassium were also correlated.  
Similar to their children, mothers did not meet the AI for dietar
the RDA for calcium, or the AI for potassium.  In adults, consumption of dietary fiber above the 
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AI and vitamin D above the EAR was associated with better gastrointestinal function (28) and 
immune health (29), respectively.  In adults, calcium intake below the RDA was associated with 
risk of osteoporosis (27), while intake above the RDA was positively associated with bone health 
(15).  Inadequate potassium intake in adults was positively associated with BP (15), while 
consumption above the AI was associated with reduced risk of cardiovascular disease (CVD) 
(30). 
Because fruit and vegetables (FV) are high in dietary fiber and potassium (21), and dairy 
products may be fortified with vitamin D and are high in calcium and potassium (21), the 
associations between and inadequate intakes of dietary fiber and potassium may indicate low FV 
consumption in low-income mother-child dyads.  Low-income families consumed 0.62 fewer 
servings of FV than families from higher incomes (116).  The associations between and 
inadequate intakes of vitamin D, calcium, and potassium may indicate low intake of dairy.  
Evidence showed a positive association between intake of dairy and potassium (166).   
Intake of added sugars, SFA, trans fat, and sodium were correlated between children and 
mothers. Intakes of added sugars, SFA, trans fat, and sodium by children were correlated.  Intake 
of added sugars among children did not exceed the IOM recommendation; however, intake was 
shown to increase between 2 and 7 y (86) and to continue to increase with age (38).  High intake 
of added sugars contributed energy to the diet, but few other nutrients (21).  Children’s intake of 
SFA exceeded recommended intake.  Mean trans fat intake in children comprised approximately 
2.7% of total energy.  While there is no clear recommendation for trans fat intake, the 2010 DGA 
recommended consuming as little as possible (21).  Further, it is likely that children’s intakes of 
SFA and trans fat are indicators of solid fat intake.  Data from the 2001-2004 NHANES showed 
that children consumed approximately 1422-1674 kJ per day from solid fat (87).  This exceeded 
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the 2010 DGA recommendation of no more than 500-570 kJ per day from solid fat and added 
sugars (21).  Finally, sodium intake in children exceeded the tolerable upper level limit (UL).  
This may lead to elevated BP in children (32,74), which was shown to track into adulthood (88).   
Mothers’ intakes of added sugars, SFA, trans fat, and sodium were also correlated.  In the 
current study, added sugars intake by mothers did not exceed the IOM recommendation, but did 
exceed the AHA recommendation.  The IOM established its recommendation since intake of 
added sugars above this amount was associated with intake of other essential nutrients below 
recommendations (15,94).  However, the rationale for the AHA recommendation is largely based 
on the discretionary energy allowance defined by the 2005 DGA (38), which is now antiquated.  
Mothers’ SFA intake exceeded the 2010 DGA recommendation.  Intake of SFA and trans fat 
were associated with high levels of low-density lipoprotein cholesterol (LDL-C) (95,167) and 
low levels of high-density lipoprotein cholesterol (HDL-C) (167).  These are both risk factors for 
CVD (98,105).  Finally, mothers’ intake of sodium exceeded the UL.  Sodium intake in adults 
was associated with high BP and increased risk for hypertension (32,73,74,90). 
Mothers served as a proxy for their children during 24-hour recall interviews, and may 
have underreported intake for their children and themselves (132-134).  However, a relationship 
between parental over- or underreporting of child’s intake using 24-hour recalls and other 
factors, including ethnicity, income, or weight, is not clear.  Differences in body weight 
expectations among adults of different races were shown (168), and this may account for some 
differences in reported intakes.  In one study, Blacks were less likely to underreport intake than 
Whites; however, that study was conducted among elderly adults (169).  In another study, 
Hispanics underreported intake by an average of 1,063 kJ/day; however, that study did not look 
48 
 
at reported intake of other races (170).  Thus it is unclear if underreporting of children’s and 
mothers’ intakes occurred in the current study.    
Study Limitations and Strengths 
 This study had several limitations.  As a cross-sectional study, the data do not imply 
causality.  Data were collected on low-income children and mothers participating in HS in 
Alabama and Texas, and results may not be generalized to another population.  Because 24-hour 
recalls are memory-dependent, reporting errors may occur.  Additionally, 24-hour recalls may 
not reflect usual intake; however, 24-hour recalls for a single day have been shown to effectively 
represent usual intake of a population (120). 
 This study looked at the diets of preschool children and their mothers from a low-income, 
multi-ethnic population.  This population is understudied; thus it was a strength of our study.  
The current study also had a large sample size (n=650), likely increasing precision.  Finally, 24-
hour recalls were used to collect dietary data, and these were shown to estimate the dietary intake 
of a population within 10% of actual intake (121-123). 
Conclusions 
 This study showed that nutrient intake is highly correlated between low-income children and 
mothers.  Further, both children and mothers consumed dietary fiber, vitamin D, calcium, and 
potassium in insufficient amounts to meet recommendations, and consumed more than the 
recommended amounts of SFA and sodium.  Therefore, it is evident that the diet of this 
population needs improvement.  Nutrition educators have an opportunity to intervene by 
encouraging and teaching healthy eating habits to low-income mothers so that they can model 
these habits to their children. 
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CHAPTER 5 
SUMMARY 
These two studies have shown that there is a strong correlation between the diets of low-
income preschool children and their mothers.  The first study showed that children’s and 
mothers’ consumption of snacks, sweets, fruit, and vegetables was highly correlated.  
Additionally, fruit and vegetable consumption in mother-child dyads was low.  Healthy 
snacking, low consumption of sweets, and increased consumption of FV should be encouraged in 
mothers so that they can model healthy eating habits to their children. 
The second study showed that energy, macronutrient, and micronutrient consumption was 
highly correlated in mother-child dyads.  Children and mothers did not meet the 
recommendations for dietary fiber, vitamin D, calcium, and potassium, and exceeded the 
recommendations for SFA and sodium.  Mothers’ intakes also exceeded the AHA 
recommendation for added sugars.  Consumption of foods high in dietary fiber, vitamin D, 
calcium, and potassium, and low in added sugars, SFA, trans fat, and sodium should be 
encouraged in mothers so that they can model these habits to their children. 
The limitations of both of these studies were similar.  Both studies used cross-sectional 
data; thus, causal inferences cannot be drawn.  Twenty-four hour recalls were used to assess 
dietary intake.  Because these rely on memory, over- or underreporting may have occurred; 
however, single-day 24-hour recalls have been shown to be sufficient for estimating intake of a 
group (120).  Mothers served as a proxy for their children during the 24-hour recall; however, 
mothers may not know what their children consumed outside of the home, which could result in 
reporting errors.  Finally, this study was conducted in low-income children participating in HS 
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and their mothers in the southern United States, and therefore, cannot be generalized to another 
population.   
These data clearly show that intake between low-income preschool children and their 
mothers is highly correlated.  The diet of this population, however, needs improvement.  Head 
Start provides an ideal venue for dietary intervention.  Possible interventions include educational 
programs for parents of HS children, integration of nutrition education into the HS curriculum, 
and provision of nutrient-dense meals and snacks. 
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